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Abstrat
An empirial potential-energy surfae is proposed for the exited B ele-
troni state of the I
2
 Ne omplex. The potential is represented as an addition
of pairwise interations. The parameters of the potential are tted in order to
reprodue the main spetrosopi and dynamial data available over a wide
range of I
2
vibrational exitations, v = 13 37. The experimental information
used in the tting proedure inludes the dissoiation energy of the omplex,
resonane deay lifetimes, and I
2
fragment vibrational and rotational distri-
butions. The simulations of the omplex vibrational predissoiation dynamis
required to t the potential parameters are arried out by means of an exat
wave paket method. The tted potential surfae reprodues the available
data typially within experimental error, whih assesses its reliability, at least
in the range of vibrational exitations studied. The predissoiation dynamis
of I
2
(B; v) Ne is disussed in the light of the results.

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I. Introdution
Weakly bound van der Waals (vdW) BC   Rg
n
omplexes (BC = diatomi
moleule, Rg = rare gas atom) are prototype systems to explore unimoleular dis-
soiation and energy transfer proesses. Upon optial exitation of the diatomi
subunit, part of the energy initially deposited is transferred to the intermoleular
modes, leading to fragmentation of the omplex. Among suh energy transfer pro-
esses are eletroni, vibrational, and rotational predissoiation, internal vibrational
redistribution, and evaporative ooling.
The dissoiation dynamis of a large variety of vdW omplexes has been the
subjet of experimental investigation.
1 12
The smallest, triatomiBC Rg omplexes
were those most extensively studied, due to their relative simpliity. Among them,
the vibrational predissoiation (VP) dynamis of the I
2
 Ne omplex in the exited
B eletroni state has been explored by several experimental groups. Levy and o-
workers studied the VP of I
2
(B; v)  Ne for low (v = 9  14)
1
and high (v = 32 
34)
4
initial vibrational exitations of I
2
, and they reported the rst estimate of the
I
2
(B) Ne dissoiation energy,
4
65 < D
0
< 67m
 1
. Zewail and o-workers arried
out real-time experiments
9
on the VP proess I
2
(B; v)  Ne ! I
2
(B; v   1) + Ne,
and extrated omplex deay lifetimes in the range v = 13   23. More reently,
Heaven and o-workers have probed the predissoiation dynamis of I
2
(B; v)  Ne
in the range v = 29  41, and they found a new estimate of the I
2
(B; v = 34) Ne
dissoiation energy,
12
D
0
= 57:61:0 m
 1
, lower than that of Levy and o-workers.
4
All the above experimental data provide spetrosopi and dynamial information
on the I
2
(B) Ne omplex over a wide range of diatomi vibrational exitations.
On the theoretial side, studies on the VP dynamis of I
2
 Ne inlude ollinear
geometry alulations applying the distorted-wave Born approximation,
13
quasilas-
sial trajetory alulations,
14 16
and approximate full-dimensional quantum simu-
lations based on the time-dependent self-onsistent-eld (TDSCF) approah.
17
One
of the diÆulties in the theoretial treatment of the I
2
 Ne predissoiation dynamis
arises from the absene of aurate ab initio potential-energy surfaes. In general,
1
ab initio alulations on vdW omplexes ontaining I
2
are not straightforward, due
to the large number of eletrons involved and to relativisti eets. The exited
harater of the B eletroni state poses an additional diÆulty.
18
At present no ab
initio potentials are available either for the ground X or the exited B eletroni
state of I
2
  Ne. A semiempirial potential based on the diatomi-in-moleules
approximation
16
has been proposed for I
2
(B) Ne. Empirial potentials have been
ommonly used in dynamial alulations.
15 17
Suh potentials are typially repre-
sented as a sum of pairwise interations, the parameters of whih are tted in order
to reprodue the available spetrosopi and dynamial data.
15
The empirial potential
15
used in some of the latest simulations of the I
2
(B) Ne
VP
15;17
was tted with an approximate quantum model, in order to reprodue the
I
2
 Ne dissoiation energy estimated by Levy and o-workers,
4
and the deay life-
times reported by Zewail and o-workers.
9
The reent experiments of Heaven and
o-workers
12
provide additional information, and suggest that the above empirial
potential should be rened. The main goal of this paper is to haraterize an empir-
ial potential surfae for I
2
(B) Ne onsistent with the experimental data available
at present. To this purpose the resonane states of I
2
(B; v)   Ne have been al-
ulated variationally in the range v = 13  37 to t the potential aording to the
spetrosopi data. Then the VP dynamis of these resonane states is simulated
with an exat full-dimensional wave paket method to t the potential in order to
reprodue the dynamial data. One the empirial potential is haraterized, the
dissoiation dynamis are analyzed over the whole range of vibrational exitations
studied. To the best of the author's knowledge these are the rst exat alulations
on the I
2
(B; v) Ne VP dynamis.
The organization of the paper is the following. In setion II the methodology used
to haraterize the potential, and the resonane state and dynamial alulations
are desribed in detail. Results are presented and disussed in setion III. Finally,
onlusions are given in setion IV.
II. Theory
2
A. Potential-energy surfae. The potential-energy surfae of the B eletroni
state of I
2
 Ne is represented as a sum of atom-atom interations
V = V
I
a
 I
b
+ V
I
a
 Ne
+ V
I
b
 Ne
: (1)
The analityal form reported in ref 19 has been used for the V
I I
interation
potential.
20
This potential was inverted from ultrafast laser experiments. Regarding
eah I  Ne interation, a Morse funtional form is assumed,
V
I Ne
(d) = D
h
e
 2(d d
e
)
  2e
 (d d
e
)
i
: (2)
Thus the t of the I
2
(B)   Ne potential surfae involves only tting the Morse
parameters D, , and d
e
of the I   Ne interation potential. Atually, the same
I   Ne equilibrium distane as that of the empirial potential of ref 15, d
e
= 4:36

A, has been used in this work. Therefore the tting proedure redues to the D and
 parameters of eq 2.
The representation of the I
2
(B)   Ne potential surfae of eqs 1 and 2 has two
advantages for theoretial simulations. One is that it is easy to implement and
omputationally eÆient. The other advantage is that it is straightforward to extend
this representation for larger lusters I
2
 Ne
n
(n > 1), just by adding the Ne Ne
interation potential.
21
The following experimental information has been used as a riterion to t the
parameters of eq 2. The potential is required to predit a I
2
(B; v = 34)   Ne
dissoiation energy D
0
= 57:6 m
 1
, and that the v =  1 predissoiation hannel
is energetially losed for v > 36, as found by Heaven and o-workers.
12
The potential
is also required to reprodue the deay lifetimes reported by Zewail and o-workers
9
for v = 13   23 within the experimental error bars or lose to their limits. Deay
lifetimes were not reported in ref 12 for high vibrational exitations. However,
other dynamial information reported by Heaven and o-workers
12
has been used to
assess the validity of the tted potential. This inludes the gradual suppression of
the v =  1 deay hannel in the range 33  v  36 (also observed by Levy and
3
o-workers
4
), and the highest rotational levels of the I
2
fragment populated through
the v =  1 and v =  2 predissoiation hannels.
B. Calulation of the I
2
(B; v) Ne resonane states. As pointed out above,
one of the requirements of the potential is to reprodue the experimental dissoiation
energy D
0
= 57:6 m
 1
for I
2
(B; v = 34) Ne. The dissoiation energy of I
2
(B; v) 
Ne oinides with the energy of the ground resonane state of the omplex in the
vibrational level v. Therefore the parameters of the I   Ne potential are varied
until the ground resonane energy of I
2
(B; v = 34) Ne mathes the required value
for the dissoiation energy. In order to simulate the VP dynamis, in addition to
the resonane energy the ground resonane wave funtion must be alulated to
be used as the initial state of the system. In the following the method employed
to alulate the resonane states of I
2
(B; v)   Ne for the vibrational exitations
v = 13  23; 26; 29; 32  37 studied, is desribed.
The I
2
  Ne system is represented in Jaobian oordinates (r; R; ), where r is
the I  I distane, R is the separation between the Ne atom and the enter-of-mass
of I
2
, and  is the angle between the vetors assoiated with the r and R oordinates.
Zero total angular momentum is assumed in the alulations. In order to alulate
the resonane states of I
2
(B; v) Ne, the I
2
strething vibration is separated within
the vibrational diabati approximation.
22
In this approximation the resonane wave
funtion is expressed as the produt
(r; R; ) = 
v
(r)'
(v)
(R; ); (3)
where 
v
(r) is a vibrational eigenstate of the I
2
(B) diatomi moleule, and the vdW
wave funtion '
(v)
(R; ) is obtained variationally by diagonalizing the vibrationally
averaged Hamiltonian
^
H
vv
=< 
v
(r)j
^
Hj
v
(r) >, one it is represented on a suitable
basis set (
^
H is the full Hamiltonian of I
2
(B)   Ne). The above approximation is
justied beause of the frequeny dierene between the I
2
vibration and the vdW
modes. As it has been disussed,
23
the vibrational mixing of the 
v
states is quite
small for this type of systems. Thus, the present resonane states, whih are atually
4
zero-order ones, resemble very losely the true resonane states of the omplex.
C. Vibrational predissoiation dynamis. The deay dynamis of the ground
resonane state, I
2
(B; v) Ne! I
2
(B; v
f
< v)+Ne is simulated by solving the time-
dependent Shrodinger equation for the wave paket (r; R; ; t). To this purpose
the r and  dependene of (r; R; ; t) is expanded on a basis set onsisting of the


(r) vibrational states and the P
j
() Legendre polynomials, respetively.
23
The
oeÆients of the expansion, C
;j
(R; t), are represented on a grid, and they are
the pakets whih are atually propagated. The wave paket is absorbed before it
reahes the edges of the grid in the R oordinate. Absorption is arried out after
eah propagation time step by multiplying eah paket C
;j
(R; t) by the funtion
exp[ (R   R
abs
)
2
℄, for R > R
abs
, with  = 0:04 a.u.
 2
and R
abs
= 25:0 a.u.
Resonane lifetimes an be extrated from the time evolution of the square of
the wave paket autoorrelation funtion P (t) = j < (0)j(t) > j
2
. By tting
the deay urve P (t) to an exponential law P (t) ' e
 
t

[or equivalently, by tting
lnP (t) to the straight line t= ℄, the resonane lifetime  is obtained.
17;23
It has been
shown
24
that by propagating the wave paket until a nal time t
f
, one an obtain
the autoorrelation funtion until a time 2t
f
. However, to take advantage of this
feature of the autoorrelation funtion poses some diÆulties due to the absorption
of the wave paket.
25
In order to alulate the autoorrelation funtion until a time
2t
f
the proedure desribed in ref 25 has been adopted here.
In addition to resonane lifetimes, vibrational and rotational distributions of the
I
2
produt fragment have also been omputed. The probability P
v
f
(t) of I
2
(B; v
f
)
fragments in v
f
= v   1; v   2,..., is alulated by aumulating probability in the
region of the produts I
2
(B; v
f
) +Ne, R > R

(inluding the absorption region), in
whih the vdW bond an be onsidered broken.
25;27;28
In a typial nite time propagation, at nal time t
f
there is wave paket intensity
in the interation region orresponding to omplexes whih still did not dissoiate
to I
2
+ Ne. As a onsequene, the absolute probabilities P
v
f
(t
f
) alulated as in-
diated above are not indiative of the nal values P
v
f
(t ! 1), unless that very
5
long and ostly propagations are arried out. As disussed previously,
25;28
reliable
estimates of the nal vibrational populations an be obtained without the need of
long propagations, by monitoring the time evolution of the relative or normalized
probabilities
P
norm
v
f
(t) =
P
v
f
(t)
P
v
P
v
(t)
: (4)
In BC Rg omplexes the form of the produt distributions is essentially determined
by the short-time dynamis.
25;28
Thus, if enough time is allowed (typially a few
ps) for all the dissoiation mehanisms ontributing with probability to a given
nal vibrational hannel v
f
to be operating, the probabilities P
norm
v
f
(t) onverge
to onstant values. Suh values provide good estimates for the nal vibrational
populations of the I
2
(B; v
f
) fragment.
Rotational distributions of the I
2
(B; v
f
; j
f
) fragment are alulated as the asymp-
toti t!1 limit of
P
v
f
;j
f
(E; t) =






Z
R
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R
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I
2
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2
; (5)
where k
v
f
;j
f
= [2
I
2
 Ne
(E E
v
f
;j
f
)℄
1=2
, and E
v
f
;j
f
= E
v
f
+j
f
(j
f
+1) < 
v
f
(r)jr
 2
j
v
f
(r) >
=2
I
2
. The energy E is taken to be the mean energy of the system, whih is very
lose to the resonane energy.
D. Computational details. The C
;j
(R; t) pakets were represented on a uniform
grid in the R oordinate, with the grid parameters R
0
= 5:0 a.u., R = 0:25 a.u.,
and the number of grid points N
R
= 128. In the basis set expansion of (r; R; ; t)
four vibrational funtions 

(r), orresponding to  = v; v   1; v   2; v   3, and
45 (even) rotational states (j
max
= 88) were used for the dynamial alulations in
the range v = 13   23 of I
2
vibrational exitations. For v = 26; 29; 32   37 ve
vibrational states  = v; v   1; v   2; v   3; v   4, and 56 (even) rotational states
(j
max
= 110) were used to expand the wave paket. The time propagation of the
C
;j
(R; t) pakets was arried out by means of the Chebyhev polynomial expansion
method,
26
with a time step t = 0:01 ps. The Hamiltonian operations on C
;j
(R; t)
involving kineti-energy terms were performed using fast Fourier transform (FFT)
6
tehniques. The time propagation was arried out until a nal time t
f
= 15 ps
for v = 22; 23; 26; 29; 32  37. The propagation time was gradually inreased as v
dereases up to t
f
= 35 ps for v = 13. For the analysis of I
2
produt vibrational
distributions it is onsidered that for distanes R > R

= 20 a.u. the vdW bond
is eetively broken. The I
2
rotational distributions are alulated in the region
limited by R
a
= 20 a.u. and R
b
= 25 a.u.
III. Results and Disussion
The parameters of the I   Ne interation potential tted aording to the ex-
perimental data are listed in Table I. The parameters of the previous empirial
I  Ne potential
15
are also olleted in the Table for the sake of omparison. In the
following the preditions of the present I
2
(B)   Ne potential regarding resonane
energies, deay lifetimes, and I
2
produt distributions are presented and ompared
to the available data.
A. Resonane energies. Ground resonane energies of the I
2
(B; v) Ne omplex
were alulated for the vibrational exitations v = 13   23; 26; 29; 32   37, and
they are listed in Table II along with the I
2
vibrational energy levels E
v
. The
present potential yields a dissoiation energy of 57:6 m
 1
for I
2
(B; v = 34)  Ne,
as found experimentally,
12
and similar dissoiation energies for the omplex in the
range 32  v  37. The potential also predits that the v =  1 predissoiation
hannel is energetially losed for v = 37 (by 0:5 m
 1
), in agreement with the
experimental result of Heaven and o-workers.
12
Thus the proposed potential takes
into aount the main energeti features observed experimentally.
12
With the previous empirial potential
15
the dissoiation energy alulated for
I
2
(B; v = 34) Ne is 62:72 m
 1
. This potential predits ground resonane energies
for the dierent I
2
vibrational levels whih are about 5 m
 1
lower than those of
Table II, sine the well depth of the I  Ne interation is 2:7 m
 1
larger (see Table
I). As a result, the v =  1 hannel is nearly losed energetially for v = 34,
7
in agreement with the experimental nding of Levy and o-workers.
4
The hanges
in the present potential parameters are not large as ompared with the previous
parameters, onsistently with the fat that the I
2
(B; v)   Ne dissoiation energies
estimated by Heaven and o-workers and Levy and o-workers dier by a few m
 1
.
However, suh hanges in the potential surfae will have an inreasingly important
eet when modeling larger I
2
(B) Ne
n
lusters as n inreases.
B. Resonane deay lifetimes. The vibrational predissoiation dynamis is sim-
ulated for all the ground resonane states listed in Table II, and deay lifetimes
are obtained as desribed in setion II.C. They are olleted in Table III (seond
olumn) along with the lifetimes reported by Zewail and o-workers from real-time
experiments
9
for v = 13 23 (third olumn). For a better omparison the alulated
and experimental lifetimes are also plotted in Figure 1.
For most of the I
2
vibrational exitations the  lifetimes predited by the present
potential are within the experimental error bars, or lose to their limits. In general
the values of  deviate from the experimental ones by less than 6:3% (and typially
around 1  3%). Only for v = 13, v = 14, and v = 23 the deviations of  are larger,
19:2%, 10:5%, and 13:2%, respetively. Reduing the deviations of  for v = 13 and
v = 14 (by hanging the potential parameters) implies to inrease the deviations of
 for higher v, partiularly for v = 23. When tting the potential parameters the
riterion followed here has been to reprodue better the experimental lifetimes with
smaller error bars, i.e., those for v = 19  23.
For BC Rg omplexes a nonlinear derease of the VP lifetime (or equivalently, a
nonlinear inrease of the predissoiation rate k = 
 1
) with inreasing v is typially
found. Suh a nonlinear behavior of (v) has been rationalized in terms of the
energy gap law
22
and the anharmoniity of the BC potential. Following this law,
as the energy dierene between the initial and the nal levels v and v
f
of BC
mathes the dissoiation energy of the BC   Rg omplex (i.e., the kineti energy
available for the Rg fragment  ! 0), the predissoiation lifetime dereases. The
VP lifetime depends mainly on the ouplings between the initial resonane of the
8
omplex and the ontinuum states to whih it deays. Suh ouplings inrease (and
therefore  dereases) as the ontinuum states beome less osillating, i.e., when
 dereases. Due to the anharmoniity of the BC potential, as v inreases the
energy available for the predissoiation fragments (and therefore ) dereases, whih
explains the derease of  with inreasing v. The spei shape of the (v) urve
(e.g., exponential, 1=v
2
, et) is determined by the spei ouplings assoiated with
the BC   Rg potential surfae.
The lifetimes alulated for I
2
(B)  Ne exhibit a nonlinear behavior with v, in
agreement with the experimental ndings.
9
The authors of ref 9 tted the behavior
of the predissoiation rate k with v to several analytial forms. One of the best ts
was to an exponential law, 
 1
/ e
v
, with  = 0:1493. In Figure 1 a similar t of
the experimental lifetimes to the urve
 = Ae
 v
; (6)
with A = 1615:88 ps and  = 0:1493 is reprodued (dashed line). The alulated
lifetimes also t remarkably well to the exponential law of eq 6 with A = 2290:0 ps
and  = 0:169 (solid line of Figure 1), over the whole range of v investigated. The
two exponential urves of Figure 1 are very lose for v  18, and gradually deviate for
v < 18 due to the larger deviations of the alulated lifetimes from the experimental
ones for v = 13; 14. Despite these deviations the agreement between the urves is
in general quite good, as a result of the good agreement between the experimental
and alulated lifetimes. Thus the present I
2
(B)  Ne potential surfae predits a
nonlinear, speially exponential behavior of the resonane deay lifetime with the
vibrational exitation, over the range v = 13  37 studied. Suh a behavior agrees
with that found experimentally
9
for v = 13  23 exitations.
It should be noted that the experimental lifetime for v = 13 is notieably lower
than the value predited by the exponential t of Zewail and o-workers
9
, whih
oinides with the upper limit of the error bar. It might happen that the simple
exponential form whih seems to be valid to desribe the behavior of the lifetime for
v > 13, begins to be no longer valid for v  13. Experimental data of the omplex
9
deay lifetime for v < 13 would be required to disern this question.
C. I
2
produt fragment distributions. Vibrational populations of the I
2
(B; v
f
)
fragment produed after VP are listed in Table IV for all the v exitations studied.
As seen from the Table, the present potential predits that I
2
(B; v) Ne VP ours
dominantly through the v =  1 hannel in the range 13  v  34, and partiularly
for the vibrational exitations v = 13  23, for whih the v  1 population is > 90%.
For v  35 the dominant predissoiation hannel is v =  2.
Rapid suppression of the v =  1 deay hannel is predited by the proposed
I
2
(B; v)  Ne potential for v > 32, in agreement with the experimental ndings.
12
It is stressed that in the present dynamial alulations dissoiation of the I
2
(B) 
Ne omplex ours only via vibrational predissoiation. The impliation is that
suppression of the v =  1 predissoiation hannel is only due to the vibrational
predissoiation dynamis ourring in the B eletroni state, without the need to
invoke the inuene of eletroni predissoiation. The above interpretation of the
partial suppression of the v =  1 hannel for high I
2
vibrational exitations was
suggested by Heaven and o-workers,
12
and the theoretial results of Table IV ome
to onrm it.
Atually the weight of the v =  1 hannel dereases gradually over the whole
range 13  v  37 investigated, although this derease is faster for v > 32. A
plausible explanation is that as v inreases and the I
2
vibrational energy levels
beome loser, potential ouplings responsible for the v   2 deay hannels
beome inreasingly intense. Thus, gradual suppression of the v =  1 hannel
would be aused by the ompetition of the v   2 predissoiation hannels.
This interpretation seems to be supported by the fast inrease for v > 32 not only
of the v   2 population, but also of the v   3 and v   4 populations. In this
sense it is remarkable the relatively high populations of the I
2
(B; v
f
= v   3) and
I
2
(B; v
f
= v   4) fragments found in the present alulations for v  33.
It is apparently surprising that despite that the v =  1 hannel is energeti-
ally losed for v = 37 (see Table II), a 8:7% of v   1 population is found in the
10
alulations. The reason is that the initial resonane wave paket has a dispersion
in energy. Indeed, from the lifetimes  of Table III one an alulate the FWHM
of the resonane level as   = h= . This resonane width ranges from   = 0:44
m
 1
for v = 32 up to   = 0:97 m
 1
for v = 37. Therefore the ground reso-
nane width for v = 37 is twie the 0:5 m
 1
by whih the v =  1 hannel is
energetially losed, and the 8:7% of I
2
(B; v
f
= v  1) population omes from wave
paket omponents assoiated with energies >  56:83 m
 1
, for whih the v =  1
hannel is energetially open. When energy-resolved P
v
f
;j
f
(E; t
f
) distributions are
alulated through eq 5, the results are P
v
f
=36;j
f
(E; t
f
) = 0 for all j
f
, and therefore
P
norm
v
f
=36
(E; t
f
) =
P
j
f
P
norm
v
f
=36;j
f
(E; t
f
) = 0 in the range of energies E ( 0:5 m
 1
)
where the v =  1 hannel is losed. The energy resolution of the spetra from
whih the I
2
vibrational distributions were obtained was of 0:3 m
 1
linewidth.
12
With this spetral resolution Heaven and o-workers
12
found no population of the
I
2
(B; v
f
= 36) fragment, and from this absene they onluded that the v =  1
hannel is losed for v = 37. Thus, the theoretial result of zero I
2
(B; v
f
= 36)
population for energies E up to 0:5 m
 1
higher than the v = 37 resonane en-
ergy is onsistent with the experimental absene of I
2
(B; v
f
= 36) population when
I
2
(B; v = 37) Ne energies higher than the resonane energy up to 0:15 m
 1
(half
the spetral resolution linewidth) are probed.
In the experiments of Heaven and o-workers
12
it was found that the v =  1
deay hannel is dominant for v < 33. With the present potential surfae the v =
 1 hannel is dominant for v < 35, as seen from the results of Table IV. One possible
reason of this slight disrepany is that the potential surfae overestimates to some
extent the weight of the v =  1 hannel in the VP dynamis. Small dierenes in
the onditions at whih the dynamis takes plae between the experiments and the
alulations (e.g., in the system temperature and the theoretial haraterization of
the initial resonane state), ould also be partially responsible for this disagreement.
Rotational distributions of the I
2
(B; v
f
; j
f
) fragment have been alulated for
the predissoiation hannels v
f
= v   1 and v
f
= v   2, and they are shown in
11
Figure 2 for several initial v exitations over the range studied. The distributions
orrespond to the even rotational states j
f
. Sine I
2
is a homonulear moleule, only
either the even or the odd rotational states need to be inluded in the alulation,
and the even states have been hosen here.
It should be noted that the present distributions dier from those previously al-
ulated with the approximate quantum TDSCF method.
17
The TDSCF alulations
predited muh older rotational distributions than the exat ones of Figure 2 (for a
omparison see the TDSCF distributions assoiated with the v =  1 hannel for
v = 19; 21; 23 in Figure 8 of ref 17). As disussed previously
29
, the TDSCF model
underestimates energy transfer to the bending mode when it is expliitly fatorized
in the total wave funtion (as done in the alulations of ref 17), leading to less
rotational exitation of the I
2
(B) fragment.
The present I
2
rotational distributions found for the v =  1 hannel are rather
old, with most of the population onentrated at low j
f
states. As v inreases in the
range v = 13  37 studied, the highest rotational state populated with appreiable
intensity, j
max
f
, dereases, onsistently with the fat that the energy available for
dissoiation through the v =  1 hannel, E
v
  E
v 1
, dereases with inreasing v
(see Table II). For v  23 j
max
f
is lower than the highest rotational state energetially
open, but as v inreases, partiularly for v  32, the rotational hannels beome
gradually losed. The losing of the rotational hannels is likely to be related to
the suppression of the v =  1 predissoiation hannel. In the ase of v = 32
j
max
f
= 18 oinides with the highest rotational hannel energetially open. This
result is in good agreement with the experimental detetion of j
max
f
= 17 for the
v =  1 hannel of v = 32. In general the rotational distributions exhibit little
struture. These old and rather unstrutured rotational distributions are onsistent
with fragmentation of the omplex via diret predissoiation through the v =  1
hannel, as found experimentally
12
as well.
The rotational distributions assoiated with the v =  2 predissoiation han-
nel (Figures 2 and 3) are also relatively old (partiularly for v  26), and extend
12
up to values of j
max
f
remarkably lower than the highest one energetially aessi-
ble. From Figures 2 and 3 it is found that j
max
f
= 44 for v = 32 and v = 33, and
j
max
f
= 40 for v = 35. These results agree quite well with the experimental ndings
that j
max
f
= 43 for v = 32 and j
max
f
= 42 for v = 33 and v = 35. The rotational
distributions are essentially unstrutured for v  22. For higher vibrational exi-
tations the v =  2 distributions gradually develop a struture. Interestingly, for
v  32 the rotational distributions beome inreasingly hotter and they exhibit a
pronouned struture.
The rotational struture predited by the present potential for v  32 seems to
indiate that for high vibrational exitations the initial resonane is more strongly
oupled to some ontinuum states, assoiated with spei rotational states and
energies  of the I
2
(B; v
f
= v   2; j
f
) and Ne fragments, respetively. The higher
rotational exitation found for v  32 is also onsistent with this possibiltiy, due to
the energy gap law. As the energy available for the fragments, E
v
 E
v 2
, dereases
with inreasing v, rotational exitation seems to be favored sine it implies smaller
 energies, and therefore a stronger oupling to the orresponding ontinuum states.
IV. Summary and Conlusions
The vibrational predissoiation dynamis of I
2
(B; v) Ne is simulated with an
exat wave paket method over the range v = 13  37. Based on these simulations
an empirial potential surfae for the I
2
  Ne omplex in the exited B eletroni
state is tted. The potential is represented as a sum of atom-atom interations.
The parameters of the potential surfae are tted in order to reprodue the main
spetrosopi and dynamial data available. Among the spetrosopi information
used to t the potential is the reent estimate of the dissoiation energy of the
I
2
(B; v = 34) Ne omplex, D
0
= 57:61 m
 1
, and the nding that the v =  1
predissoiation hannel loses for v > 36.
12
The dynamial information involves
predissoiation lifetimes in the range v = 13   23 of I
2
vibrational exitations.
9
Additional dynamial information on I
2
fragment vibrational and rotational distri-
13
butions reported for high v exitations
12
is also used to assess the validity of the
potential surfae proposed.
The present potential reprodues a dissoiation energy of 57:6 m
 1
for I
2
(B; v =
34)  Ne, and that the v =  1 predissoiation hannel is energetially losed for
v > 36, in agreement with the experimental observations.
12
The alulated predisso-
iation lifetimes in the range v = 13 23 reprodue the experimental ones within the
reported error bars
9
or very lose to their limits. Dierenes between the experimen-
tal lifetimes and those predited by the tted potential are typially < 6:3%. The
present lifetimes exhibit an exponential behavior with the I
2
vibrational exitation
in the whole range of v investigated.
The potential surfae predits the partial suppression of the v =  1 hannel
for v > 32, in aordane with the experimental nding.
12
This result onrms
the previous interpretation of Heaven and o-workers based on their observations
12
,
that suh a suppression is due to the vibrational predissoiation dynamis, and not
to eletroni predissoiation. It is suggested, in the light of the present results,
that the suppression of the v =  1 hannel ould be due to an inrease of the
intensity of the potential ouplings responsible for the v   2 deay hannels
as v inreases. The gradual losing of rotational hannels found for v  32 ould
also ontribute to the suppression of the v =  1 predissoiation hannel. The
alulated I
2
rotational distributions for the v =  1; 2 predissoiation hannels
are found to be rather old and essentially unstrutured in general, and partiularly
for v < 23. In the distributions of the v =  2 hannel an inreasing struture and
rotational exitation appears for v > 23, and in partiular for v  32. This would
indiate a stronger oupling of the initial resonane state with spei ontinuum
states, for high v exitations. The highest I
2
rotational state populated predited by
the alulations agrees well with the experimental values reported for v  32. The
present rotational distributions are onsistent with fragmentation of the omplex
via diret predissoiation, whih is supported by the experimental evidene.
12
The empirial potential surfae proposed for I
2
(B; v) Ne reprodues the main
14
spetrosopi and dynamial observations, typially within experimental error, over
a wide range of v exitations. In addition, the simpliity of its representation makes
the present potential surfae very eÆient to be used in dynamial simulations. In
this sense, it is viewed as a reliable and eÆient potential to model larger I
2
 Ne
n
(n > 1) omplexes, in order to simulate the vibrational predissoiation dynamis.
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TABLE CAPTIONS
Table I. Morse parameters of the present and previous (ref 15) I   Ne interation
potentials.
Table II. Calulated ground resonane energies of I
2
(B; v)   Ne relative to the initial
I
2
vibrational energy level E
v
. E
v
= 0 orresponds to separated atoms.
Table III. Calulated and experimental (with error bars) resonane deay lifetimes.
Table IV. Calulated I
2
fragment vibrational state distributions (in perentage) for the
dissoiation hannels v   1, v   2, v   3, and v   4.
FIGURE CAPTIONS
Figure 1. Plot of the alulated  (3) and experimental (with error bars) resonane
lifetimes presented in Table III vs the initial I
2
vibrational exitation v. Ex-
ponential ts (eq 6) of the alulated (solid line) and experimental (dashed
line) lifetimes are also shown.
Figure 2. Calulated rotational distributions of the I
2
(B; v
f
) fragment produed after
predissoiation of the omplex through the v
f
= v   1 (solid lines) and v
f
=
v   2 (dashed lines) hannels for several vibrational exitations v. All the
distributions are normalized to unity.
Figure 3. Calulated rotational distributions of the I
2
(B; v   2) fragment after predis-
soiation of I
2
(B; v)   Ne from v = 33 (solid line) and v = 35 (dashed line).
The two distributions are normalized to unity.
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Table I
D(m
 1
) (

A
 1
) d
e
(

A)
present potential 38.03 1.596 4.36
previous potential 40.75 1.56 4.36
Table II
v E
res
(m
 1
) E
v
(m
 1
)
13  58:73  2827:47
14  58:70  2724:97
15  58:66  2624:32
16  58:62  2525:54
17  58:59  2428:64
18  58:54  2333:64
19  58:50  2240:56
20  58:46  2149:42
21  58:41  2060:22
22  58:37  1972:99
23  58:32  1887:73
26  58:16  1643:94
29  57:97  1418:31
32  57:76  1211:02
33  57:68  1146:01
34  57:60  1083:05
35  57:51  1022:14
36  57:42  963:27
37  57:32  906:44
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Table III
v (ps) 
exp
(ps)
a
13 257:5 216 16
14 216:5 196 12
15 177:0 182 20
16 150:7 160 15
17 129:1 126 12
18 110:2 107 9
19 89:5 87 4
20 76:3 78 4
21 68:2 69 6
22 56:7 58 3
23 46:0 53 3
26 28:4
29 16:8
32 12:1
33 8:9
34 8:6
35 7:1
36 6:8
37 5:5
a
ref 9
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Table IV
v v   1 v   2 v   3 v   4
13 97:1 2:8 0:1
14 96:7 3:2 0:1
15 96:3 3:6 0:1
16 95:8 4:0 0:2
17 95:3 4:5 0:2
18 94:6 5:2 0:2
19 93:9 5:8 0:3
20 93:3 6:3 0:4
21 92:5 7:1 0:4
22 91:2 8:2 0:6
23 90:3 9:1 0:6
26 85:2 12:9 1:7 0:2
29 78:4 18:2 3:0 0:4
32 69:0 25:0 5:3 0:7
33 60:8 30:9 7:2 1:1
34 53:2 36:1 9:3 1:4
35 41:9 43:0 12:8 2:3
36 26:0 54:2 16:7 3:1
37 8:7 64:8 22:0 4:5
20
